Cyanobacteria have been linked with hydrogen cyanide, based on their ability to 9 catabolize it by the nitrogenase enzyme, as a part of nitrogen fixation. Nitrogenase can also use 10 hydrogen cyanide instead of its normal substrate, dinitrogen and convert it to methane and 11 ammonia. In this study, we tested whether cyanobacteria are able, not only to reduce, but also to 12 produce HCN. The production of HCN was examined in 78 cyanobacteria strains from all five 13 principal sections of cyanobacteria, both non-heterocytous and heterocytous, representing a variety 14 of lifestyles and habitats. Twenty-eight (28) strains were found positive for HCN production, with 15 universal representation amongst 22 cyanobacterial planktic and epilithic genera inhabiting 16 freshwater, brackish, marine (including sponges), and terrestrial (including anchialine) habitats. The 17 HCN production could be linked with nitrogen fixation, as all of HCN producing strains are 18 considered capable of fixing nitrogen. Epilithic lifestyle, where cyanobacteria are more vulnerable to 19 a number of grazers and accumulate more glycine, had the largest percentage (75%) of 20 HCN-producing cyanobacteria compared to strains from aquatic ecosystems. Further, we 21 demonstrate the isolation and characterisation of taxa like Geitleria calcarea and Kovacikia 22 muscicola, for which no strain existed and Chlorogloea sp. TAU-MAC 0618 which is, to the best of 23 our knowledge, the first bacterium isolate from anchialine ecosystems. Our results highlight the 24 complexity of cyanobacteria secondary metabolism, as well as the diversity of cyanobacteria in 25 underexplored habitats, providing a missing study material for this type of environments.
In order to assess the ability to produce HCN and estimate the relative frequency of cyanogenesis 106 (proportion of cyanogenic versus acyanogenic cyanobacteria strains), we screened each strain for the 107 presence of HCN using the Feigl-Anger assay, which determines the presence or absence of HCN in a 108 sample using a colour change reaction (Gleadow and Møller, 2014) . In this assay, the dried paper turns 109 blue following oxidation of the tetra base when it is exposed to the HCN gas that is produced. For the Twenty-eight (28) cyanobacteria strains (Table 1) were found positive for HCN production 160 ( Figure S1 ). Cyanobacteria strains, with different lifestyles, were found capable of producing HCN
161
( Figure 1 ). Strains, isolated from mats in rocks, were found to be positive in HCN production with a 162 relative frequency of 75 %. Three strains (50 % percentage) from brackish environments were found 163 positive for the production of HCN, whilst cyanide was found to be present also in sponge-associated 168 Table 1 . Cyanobacteria strains of TAU-MAC collection positive for HCN production, their origin,
169
habitat, and lifestyle. 
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Strains isolated from terrestrial caves formed clades with no more than two sequences, due to 183 limited available sequences for cyanobacteria derived from these type of environments ( Figure 3 ).
184
Specifically, Geitleria calcarea TAU-MAC 0118 clustered with two uncultured Geilteria sp.
185
sequences, whilst Alliinostoc sp. TAU-MAC 3117 was placed separately, outside two uncultured The nifH gene fragment was amplified ( Figure S2 ) in 53 of the total 78 (67 %) cyanobacteria 191 strains tested for HCN production ( Figure S2 ). The nifH was present in all HCN-producing 192 cyanobacteria strains, as well as in 25 more strains. All strains, classified to Nostocales order, carried 193 the nifH gene fragment, whilst nifH was also amplified in non-heterocytous genera. 
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All HCN-producing strains had the nifH gene, indicating that are capable of N 2 fixation, and thus 247 suggesting that their ability to fix nitrogen could be linked to the production and simultaneously 248 reduction of HCN, although this needs to be confirmed. Nitrogen fixation has been linked with cyanide 249 not only in living organisms (Knowles and Bunch, 1986), but also through synthetic methods for 
258
An interesting relation was noticed concerning the relative frequency of HCN production 259 amongst different cyanobacteria lifestyles. In the present study, cyanobacteria strains, isolated from 
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Several strains of this study, such as Geitleria calcarea, Kovacikia muscicola, Komarekiella sp.,
310
Scytonema hyalinum, and Tolypothrix sp. were isolated from extensive dark-green coverings 311 dominated by cyanobacteria like Phormidium, Tolypothrix, Scytonema, and Geitleria species. 
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